native to graded reflectivity mirrors to improve the laser output beam quality.',' These mirrors can also have the advantage of a simpler fabrication. The PU mirrors that exhibit a stepwise reflectivity profile along the radius are made by deposition of a proper coating on a substrate so that no phase variations are introduced in the reflected and transmitted beam. A properly shaped substrate (with stepwise groove) has been used in most cases to cancel out the phase difference between the two beams passing through the internal and external regions of the coupler? The same effect, however, can be achieved by the coating design without substrate machining. The last approach was followed in this work for the fabrication of a phaseunifying mirror for a XeCl(308-nm) laser unstable resonator.
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In this paper we report for the first time on the characterization of a PU unstable resonator applied to a high-gain short-pulse XeCl laser.
Experimental4 and numerical5 studies on the performance of high-gain, shortpulse XeCl lasers fitted with super-Gaussian unstable resonators have been taken into account to properly design the PU unstable cavity. Then, an unstable resonator of magnification M = 6.6 using as output coupler a PU mirror with a peak reflectively Ro = 50% has been designed in accordance to such studies.
The PU mirror coating design shown in Fig. 1 is obtained with a number of alternate layers of SiO, and Y,O, on a flat quartz substrate: five layers with one step profiled layer were used to have the 50% reflectivity in a central area and a null reflectivity in the outer area. The coating introduces a theoretical phase variation between the two transmitted beams lower than 30" which has probably no detrimental effect on the optical quality of the laser output beam.2
The M = 6.6 PU unstable resonator was made of an aluminized convex mirror with radius of curvature R = 75 cm, and of the PU flat mirror placed 90 cm apart. The PU mirror has the high reflectivity central spot of about 4 mm diameter to better fill the XeCl laser active medium. Figure 2 shows the laser energy Eo and pulse width At as a function of the charging voltage of the primary capacitor Va for a standard gas mixture. One observes from Fig. 2 that Eo and At increase with VA and an output beam of 70 mJ and 12-11s duration is obtained at Va = 42 kV. Figure 3a gives the near-field intensity profile of the output beam. The intensity reduction at the center of the beam is equal to (1 -Ro) for the high reflectivity spot of the PU mirror. The farfield intensity distribution of the output beam is shown in Fig. 3b , from which one gets a full angle beam divergence of 6 = 0.1 mrad. Then, a PU mirror suitable to XeCl lasers has been realized. The mirror has been used as output coupler of a M = 6.6 unstable resonator applied to a high-gain, short-pulse XeCl laser, and a high-power nearly diffraction limited laser beam has been obtained. The evolution of the output beam intensity distribution along the propagation distance has also been tested, and the effect of phase variations introduced by the coating on the propagation of laser beams transmitted by graded reflectivity mirrors has been investigated. *Diparfimenfo di Fisica dell'Universifi, 73200 Lecce, Italy 1.
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K. Yasui, M. Tanaka, S. Yagi, Appl. Phys. Lett. 52, 530 (1988 We generate multiple wavelengths with two Q-switched, single longitudinal mode Nd:YLF lasers tuned 4.4 Angstroms apart using intracavity etalons. The pulsed beams are made to co-propagate in a 10-m, single-mode fiber, where they interfere at high intensity, producing many sidebands through self-phase modulation (Fig. 1) . We have found theoretically and experimentally that the sideband amplitudes are less sensitive functions of oscillator power when modulation index is high. Therefore, a large number of sidebands is generated to improve stability. Light from the fiber is am- plified and directed into the main amplifier arm.
In the arm, four of these sidebands are selected to form a four-quadrant beam. An apodizer divides the multifrequency beam into four shaped segments, precompensating for geometric distortions caused by diffraction gratings used near the Littrow angle (Fig. 2 ). An array of four diffraction gratings, each tilted at a slightly different angle, disperses the sidebands in each segment. Also, the gratings are tilted in a "V" configuration to reduce temporal delay across the beam. As the dispersed beam passes through a relay telescope, a focal plane slit removes all but one sideband from each segment. As the different segments each have a different angle imposed on the dispersed beams, what emerges from the telescope is four segments each with a different single wavelength (Fig. 3) .
Any sideband can be assigned to any segment by tuning the gratings. We select every second sideband to maximize the wavelength separation between the segments. Limits are imposed on the maximum wavelength separation by gain narrowing and oscillator tunability. A lyot filter and segmented absorption filters compensate for gain narrowing and other spectral effects to equalize the segment amlplitudes at the arm output.
After amplification, the four-wavelength beam passes through a four-segment frequency doubler and tripler. Each segment of the tripler is independently tuned to the appropriate wavelength. At the tripler output, 750 joules of UV light in each wavelength is focused on target. A spiral phaseplate' has been developed that can be used to produce helical-wavefront laser beams. The phase of such a bealm has a screw dislocation at its center, also called a topological charge, which is I spiral phaseplate with an optical thickness variation of one wavelength. associated with orbital angular moment~m . ' .~ The plate is a transparent plastic disk with a helical surface (Fig. 1) . The azimuthal thickness variation is 0.72 mm over 27r, but this is scaled down by immersing the plate in index-matching fluid. By changing the temperature, the effective step can be tuned from zero to a few wavelengths, so that the immersed plate operates as a diffractive-optical element.
If a TEM, laser beam is passed through this plate, its wavefront is changed into a helix. The output can be decomposed into the helical LaguerreGaussian (LG) modes. The efficiency of converting a TEM,, (=LG,,) into the LGol is 78.5%, with an admixture of higher-order modes. In Fig. 2 three examples are shown for a LG,,, LG,,, and LG,, mode respectively, when they are passed CFA5 Fig. 1 . Sketch of the spiral phase plate. The step has a height of 0.72 mm. through a plate with a step of one wavelength. Note that only modes of the same helicity are present in the output and that a higher-order of the input mode results in higher efficiency of converting to another mode. In these examples the output is an infinite superposition of LG modes. For some special cases the output is a superposition of only a finite number of LG modes.
In general, the spiral phaseplate is not able to produce a pure output mode. This is due to the fact that the phase distribution is changed to that of the desired output mode, but the intensity distribution is not. This is in contrast to the cylindrical lens mode converter that changes a Hermite-Gaussian into a pure LaguerreGaussian." However, the output of the spiral phaseplate changes the order of the mode, while the cylindrical lens modeconverter does not.
The operation of the plate has been studied experimentally. The ability of the plate to produce helical wavefront laser beams has been verified by observing the far-field diffraction patterns. The plate has proven to be able to produce a helical wavefront beam from a TEM, mode and to remove the helicity from a helical Laguerre-Gaussian mode. As an example, in Fig. 3 the far-field pattern is shown of a TEM, mode that is passed through a spiral phaseplate with a step of one LGOO LOO1 LO02
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phaseplate with a step of one wavelength. The input mode is denoted underneath each graph. The relative amount in the Laguerre-Gaussian (m, n) mode, with m along the horizontal and n along the vertical axis, is indicated by the thickness of the box. 
